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AERODYNAMIC CHARACTERISTICS OF A HYPERSONIC RESEARCH 


AIRPLANE CONCEPT HAVING A 70" SWEPT DOUBLE-DELTA 


WING AT MACH NUMBERS FROM 1.50 TO 2.86 


Jim A. Penland, Roger H. Fournier, and Don C: Marcum, Jr. 

Langley Research Center 


SUMMARY 


An experimental investigation of the static longitudinal, lateral, and directional stability 
characteristics of a hypersonic research airplane concept having a 70" swept double-delta wing 
was conducted in the Langley Unitary Plan wind tunnel. The configuration variables included 
wing planform, tip fins, center fin, and scramjet engine modules. The investigation was con
ducted at  Mach numbers from 1.50 to 2.86 and at  a constant Reynolds number, based on 
fuselage length, of 3.33 X lo6. Tests were conducted through an angle-of-attack range from 
about -4" to 24" with angles of sideslip of 0" and 3" and a t  elevon deflections of O", - lo", 
and -20". 

The complete configuration was trimmable up to angles of attack of about 22" with the 
exception of regions at low angles of attack where positive elevon deflections should provide 
trim capability. The angle-of-attack range for which static longitudinal stability also exists was 
reduced at the higher Mach numbers due to the tendency of the complete configuration to  
pitch up at the higher angles of attack. The complete configuration was statically stable 
directionally up to trimmed angles of attack of at least 20" for all Mach numbers M with 
the exception of a region near 4" at M = 2.86 and exhibited positive effective dihedral at 
all positive trimmed angles of attack. 

INTRODUCTION 

A need exists for comprehensive flight research in the range of Mach number M from 
3 to 5 and for detailed exploration to M 8. Present jet-fueled airplanes are cruising at 
speeds of M 2 for ranges greater than 4827 km (3000 miles) and at M = 3 for 
ranges up to 8045 km (5000 miles) with in-flight refueling (refs. 1,  2, and 3) ,  and it 
appears that the Mach number limit for aircraft utilizing conventional petroleum-based fuels 
is about M % 5 (ref. 4). Some unique problems associated with these higher Mach num
bers include the development of new propulsion systems, which use nonpetroleum-derived
fuels such as liquid hydrogen (ref. 5): for example, turbojets for low speeds, ramjets for 
moderate supersonic speeds, and scramjets (supersonic combustion ramjets) for high supersonic 



speeds and hypersonic speeds. New structural concepts must be developed which can provide 
cooled airframes and engine surfaces for protection from high aerodynamic heating and insu
lated tankage for cryogenic fuels such as liquid hydrogen. 

One industry study (refs. 6 to 9) concluded that only through the use of both ground 
facilities and flight vehicles could these major required advancements in technology be made. 
These findings were in accord with previous NACA-NASA experience with the various research 
airplane projects from the X-1 through the X-15, each of which resulted in extensive tech
nology advancement at a minimum expenditure of cost and time. 

The present configuration is one of several research airplane concepts under experimental 
study at the Langley Research Center (refs. 10 to  12) that meet the requirements envisioned 
as necessary to provide a technology base for future high-speed aircraft. Such a research air
plane would be air launched from a B-52 or C-5, have a length of 15.24 to 24.38 meters 
(50 to 80 feet), a flight time of up to 800 seconds with a nominal 40-seconds cruise at  a 
Mach number of about 7 on the scramjet engine, and return to base for a dead-stick landing. 

The purpose of the present study was to investigate experimentally the longitudinal, 
lateral, and directional stability and control of this large-fuselage, double-delta wing design at 
supersonic speeds. A study has also been completed at subsonic speeds (ref. 13). Tests were 
parametric in nature and included configuration buildup, variations in wing planform, and 
longitudinal control. This study was conducted at Mach numbers from 1.50 to 2.86 at a 
constant Reynolds number, based on fuselage length, of 3.33 X lo6. The angle-of-attack. 
range was from about -4" to  24" with angles of sideslip of 0" and 3". 

SYMBOLS 

The longitudinal characteristics are presented about the stability axes, and the lateral-
directional characteristics are presented about the body axes. The body- and stability-axis 
systems are illustrated in figure 1. The moment reference point was at the design center-of
gravity location which was at a longitudinal station 64.5 percent of the fuselage length and a 
vertical station 1.3 percent of the fuselage length below the vehicle reference line. Values are 
given in SI Units and, where useful, also in U.S. Units. Measurements and calculations were 
made in U.S. Customary Units. 

Ar reference area, area of 70" delta wing including fuselage intercept 

b wing span 

CD drag coefficient, D/q,Ar 
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CD,b base-drag coefficient, Base drag/q
00

A, 

CL 

C 
‘P 

Cn 

cnP 

CY 

c.g. 

D 

FA 

FN 

FY 

L 

lift coefficient, L/qwAr 


rate of change of CL with angle of attack per degree 


rolling-moment coefficient, MX/qwArb 


rate of change of C, with angle of sideslip per degree 


pitching-moment coefficient, My/q,A,Q 


rate of change of Cm with angle of attack per degree 


rate of change of Cm with lift coefficient, longitudinal stability parameter 


yawing-moment coefficient, MZ /qmArb 


rate of change of Cn with angle of sideslip per degree 


side-force coefficient, Fy/qwAr 


rate of change of CY with angle of sideslip per degree 


design center of gravity, moment reference point 


drag, FN sin CY + FA cos CY 

axial force along X-axis; positive direction, -X 

normal force along Z-axis; positive direction, -Z 

side force along Y-axis; positive direction, +Y 

lift, FN COS CY - FA sin CY 

lift-drag ratio 


length of model fuselage 
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M Mach number 

Mx,My,Mz moments about X-, Y-, and Z-axes, respectively 

free-stream dynamic pressure
%a 

X,Y,Z reference axes 


(Y angle of attack, degrees 


P angle of sideslip, degrees 


6e elevon-deflection angle, positive when trailing edge is down, degrees 


Subscripts: 

S stability-axis system 

t trim condition, Cm 

Model nomenclature: 

B body 

E scramjet engine 

FD forward delta wing 

VC center fin, vertical 

VT tip fins, vertical 

W wing 

= 0 

MODEL 

A photograph of a model of the winged hypersonic research airplane configuration is 
shown in figure 2. The 0.021-scale test model was of modular design, as shown in figure 3, 
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to allow the buildup of variations of the basic model (fig. 4(a)) from components consisting 
of the body, forward delta wing, 70" swept delta wing with positive camber, tip fins, and 
center fin. The model design rationale was primarily based on the stability and control 
requirements at the design hypersonic cruise Mach number range from 8 to 10. The forward 
delta wing was included in the design to help decrease the rearward shift of the aerodynamic 
center with Mach number. The tip fins were designed with 7.5O of toe-in and located out
board of the fuselage wake to assure directional stability at hypersonic speeds and were inter
changed with a center fin having the same planform area. The wedge-shaped center fin 
(fig. 4(b)) was tested to  assess the difference in directional stability as compared with the tip 
fins. Elevons could be deflected from 5" to -20". A model scramjet engine was also used 
to complete the configuration buildup (fig. 4(c)). This test engine consisted of six clustered 
modules of the concept described in reference 14, having scale outside dimensions, angles, and 
areas but without scale inside fuel struts and contraction ratios. The design internal contrac
tion ratio of the model scramjet was approximately 2 compared to about 4 for the flight 
engine to take partly into account the relatively low Reynolds number of the tests and the 
resulting thick turbulent boundary layer. The body, 70' swept delta wing, and model scram-
jet engine were constructed of stainless steel, and the forward delta wing, tip fins, and center 
fin were constructed of aluminum alloy. The geometric details of the models are shown in 
figure 4 and are given in table I. 

APPARATUS AND TESTS 

Tunnel 

The investigation was conducted in the low Mach number test section of the Langley 
Unitary Plan wind tunnel, which is a continuous-Qow variable-pressure tunnel. The test sec
tions are 1.22 meters square and 2.13 meters long. The nozzle leading to the test section 
consists of asymmetric sliding blocks which permit variations of Mach numbers from about 
1.5 to 2.9. 

Test Conditions 

Tests were made at Mach numbers of 1.50, 2.00, 2.36, and 2.86 with a constant 
Reynolds number, based on fuselage length, of 3.33 X lo6. The dewpoint was maintained 
sufficiently low to assure negligible condensation effects in the test section. The angle-of
attack range was from about -4" to 24" for angles of sideslip of 0" and 3". A limited 
number of tests were also conducted over an angle-of-sideslip range from about -4" to 8" at 
an angle of attack of 0". Transition strips, 0.159 cm wide composed of No. 50 grit, were 
placed 3.05 cm downstream of the apex of the model nose and 1.02 cm inside the leading 
edges of the model scramjet engine. Transition strips were also placed at the following 
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locations (measured normal to  the leading edge): 0.18 cm for the forward delta wing, 
0.35 cm for the 70" swept delta wing and the bottom leading edge of the tip fins, and 
0.58 cm for the top leading edge of the tip fins and the center fin. 

Measurements and Corrections 

The aerodynamic forces and moments were measured by means of a six-component 
strain-gage balance which was housed within the body. Balance-chamber pressure was meas
ured with pressure tubes located in the vicinity of the balance. 

Angles of attack and sideslip have been corrected for the deflection of the balance and 
sting due to  aerodynamic loads. The angle of attack was also corrected for tunnel-flow angu
larity. The drag coefficients have been corrected to the condition of free-stream static pres
sure on the model base. Typical base-drag coefficients are presented in figure 5 .  No correc
tion was made to  the drag data for flow through the model scramjet engine. 

RESULTS AND DISCUSSION 

Static Longitudinal Characteristics 

Configuration buildup.- The untrimmed longitudinal aerodynamic characteristics of the 
body-wing configuration alone and with various forward-delta, tip-fin, center-fin, and engine 
components are presented in figures 6 and 7. A comparison of the longitudinal aerodynamic 
characteristics of various tip-fin and center-fin configurations is presented in figure 8. The 
primary effect of the addition of the forward delta wing on the longitudinal characteristics of 
the configurations was a decrease in the longitudinal stability due to  the added area ahead of 
the center of gravity (figs. 6 to  8). There was also a slight increase in lift at the lower 
Mach numbers that became more pronounced as the Mach number increased. The addition 
of the tip fins to  the body-wing configuration slightly increased the lift and the nose-down 
pitching moment (fig. 6 ) ,  whereas the addition of the center fin to the body-wing configura
tion slightly decreased the nose-down pitching moment (fig. 7). The addition of either the 
tip fins or the center fin resulted in about the same increase in drag and, therefore, about 
the same loss in L/D (figs. 6 and 7). In regard to  performance and longitudinal stability, 
it may be concluded that there is essentially little difference between the tip or center verti
cal fins in this Mach number range. In general, the addition of the engine modules increased 
the drag, increased the lift, and decreased the longitudinal stability. 

Trim characteristics.- The effect of elevon deflection on the longitudinal aerodynamic 
characteristics of the complete configuration (BWVTFDE) is presented in figure 9: Elevon 
deflections of 0", -IO", and -20" are presented at all Mach numbers, and the additional 
elevon deflections (dashed lines) were obtained from cross plots and interpolations of the data. 
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The elevon-deflection data were used to determine the longitudinal aerodynamic characteristics 
at trim (fig. 10) of the BWVTFDE configuration. Trim data were not obtained at the 
lower lift coefficients because of lack of test data with positive elevon deflections which 
would be required to trim the model in that region. The maximum trimmed lift coefficient 
decreased from 0.67 at M = 1.50 to  0.50 at M = 2.86, and the maximum trimmed angle 
of attack ranged from 23.4" at M = 1.50 to 22.6" at M = 2.86. The maximum trimmed 
lift-drag ratio was 2.76 at M = 1.50 and 2.98 at M = 2.86. The complete configuration 
(BWVTFDE) was statically stable longitudinally at the lower trimmed lift coefficients; however, 
at the higher Mach numbers, the stability decreased to  zero because of the tendency of the 
configuration to pitch up at the higher lift coefficients and corresponding angles of attack. 

Static Lateral-Directional Characteristics 

Basic lateral aerodynamic characteristics of the BWVTFDE configuration are presented 
in figure 11 for an angle of attack of 0". These data were obtained to determine the 
linearity of the lateral aerodynamic characteristics. In general, the data are linear and the 
lateral-directional stability characteristics presented in figures 12 to 15 were evaluated 
at P = 0" and P = 3". 

The body-wing and body-wing forward-delta configurations were directionally unstable at 
all Mach numbers (fig. 12) but did have positive effective dihedral (-CIP) above 01 = 2" for 
all Mach numbers. In general, the addition of the forward delta wing to  the body-wing con
figuration (BWFD) provided a small positive increment in c"P 

and improved the positive 
effective dihedral. The addition of the tip fins to the body-wing configuration (BWVT) pro
vided a relatively constant positive increment in 

CnP 
and did not significantly change the 

positive effective dihedral. The BWVT configuration was directionally stable at M = 1 S O  
and M = 2.00 for all angles of attack and at M = 2.36 and M = 2.86 for angles of 
attack near 0". In figure 13 the center-fin configuration (BWV,), which has the same total 
planform area as the tip-fin configuration (BWVT), was about twice as effective in increasing 

cnP at low angles of attack, probably due to  a better flow field and less tip losses, and 
significantly increased the positive effective dihedral due to  its location above the center of 
gravity. The Cn provided by the center fin deteriorated with angle of attack and was 
less than the CnP provided by the tip fins at high angles of attack (from about 13"

Pto 17"), due in part to shielding of the fin by the fuselage. The BWV, configuration 
became directionally unstable at angles of attack from about 12" to 19", and the decrease 
in CnP continued over the remaining angle-of-attack range. This is a typical deterioration 
in Cnp with Q for center-fin configurations at supersonic speeds. (See ref. 15.) In 
general, the addition of the forward delta wing to the body-wing-fin configurations (BWVTFD 
and BWVcFD) provided a positive increment in 

c"P and improved the positive effective 
dihedral. The forward delta wing increased the angle-of-attack range for which the 
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body-wing-fin configurations were directionally stable and was particularly effective for the 
center-fin configuration (BWVcFD) at M = 1.5, indicating that there was a favorable inter
action of the vortex from the forward delta wing and the center fin. The addition of the 
engine modules had little effect on the directional stability or effective dihedral. The complete 
configuration (BWVTFDE) was directionally stable up to  angles of attack of a t  least 20" for 
all Mach numbers, with the exception of a region near 4" at M = 2.86, and exhibited posi
tive effective dihedral at all positive angles of attack. 

As expected, the effect of elevon deflection on the lateral-directional stability character
istics of the BWVTFDE configuration was small (fig. 1 9 ,  and the trimmed lateral-directional 
stability characteristics would be approximately the same as those of the complete configura
tion with undeflected elevons. 

CONCLUSIONS 

An analysis of the experimental aerodynamic data for a hypersonic research airplane 
configuration with various component arrangements at Mach numbers from 1.50 to  2.86 and 
at a constant Reynolds number, based on model fuselage length, of 3.33 X 106 leads to  the 
following conclusions: 

1. The addition of the forward delta wing increased the lift as expected, decreased the 
longitudinal stability due to its location ahead of the center of gravity, provided a small posi
tive increment in the directional-stability parameter Cnp, and improved the positive effective 
dihedral. 

2. The longitudinal characteristics of the tip fins and the center fin were essentially 
similar, whereas the center fin which had the same total planform area as the tip fins was 
about twice as effective in increasing at low angles of attack and significantly increased 
the positive effective dihedral. The CnP 

Cnp 
provided by the center fin deteriorated with angle 

of attack and was less than the CnP provided by the tip fins at high angles of attack. 

3. In general, the addition of the engine modules increased the drag, increased the lift, 
decreased the longitudinal stability, and had a negligible effect on directional stability and 
positive effective dihedral. 

4. The complete configuration was trimmable up to  angles of attack of about 22" with 
the exception of regions at low angles of attack where positive elevon deflections should pro
vide trim capability. The angle-of-attack range for which static longitudinal stability also 
exists was reduced at  the higher Mach numbers due to the tendency of the complete con
figuration to pitch up at the higher angles of attack. 
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5. The complete configuration was statically stable directionally up to trimmed angles of 
attack of at  least 20" for all Mach numbers M, with the exception of a region near 4" at 
M = 2.86, and exhibited positive effective dihedral at all positive trimmed angles of attack. 

Langley Research Center 

National Aeronautics and Space Administration 

Hampton, Va. 23665 

September 16, 1975 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Wing: 
Area. reference (includes fuselage intercept). m2 ( i d )  . . . . . . . . . .  0.043 (67.200) 
Area. exposed. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.023 (36.121) 
Area. wetted. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.047 (72.242) 
Span. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.217 (8.542) 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.086 
Root chord. at fuselage center line. m (in.) . . . . . . . . . . . . . . . .  0.353 (13.896) 
Tip chord. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.085 (3.355) . 

Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.241 
Mean aerodynamic chord. m (in.) . . . . . . . . . . . . . . . . . . . . . .  0.248 (9.779) 
Sweepback angles: 

Leading edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
25-percent-chord line. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
Trailing edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Dihedral angle. at airfoil mean line. deg . . . . . . . . . . . . . . . . . . . . . . . . .  -3.64 
Incidence angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Airfoil section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (See fig. 4(a)) 
Airfoil thickness ratio: 

Exposed root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.06 

Leading-edge radius at -
Fuselage-line chord. m (in.) . . . . . . . . . . . . . . . . . . . . .  5.08 X (0.020) 
Tip. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.08 X (0.020) 

Area of both elevons. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . .  0.005 (7.161) 

Forward delta wing: 
Area exposed. outside of fuselage. forward of wing 

leading edge. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.002 (3.394) 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
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TABLE 1.- Continued 

Tip fin: 
Area. each. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.004 (5.848) 
Span. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.069 (2.730) 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.274 
Root chord. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.086 (3.383) 
Tip chord. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.029 (1.135) 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.336 
Mean aerodynamic chord. m (in.) . . . . . . . . . . . . . . . . . . . . . .  0.062 (2.445) 
Sweepback angles: 

Leading edge. top. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55.0 
Leading edge. bottom. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70.1 
Trailing edge. top. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.3 

Toe-in angle. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil section: 

Leading-edge radius. m (in.) . . . . . . . . . . . . . . . . . . .  5.08 X (0.020) 

Center fin: 
Area. exposed. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.007 (1 1.492) 
Span. exposed. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.086 (3.380) 
Aspect ratio of exposed area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.994 
Root chord. at fuselage surface line. m (in.) . . . . . . . . . . . . . . .  0.128 (5.040) 
Tip chord. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.045 (1.760) 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.349 
Mean aerodynamic chord of exposed area. m (in.) . . . . . . . . . . . .  0.093 (3.664) 
Sweepback angles: 

Leading edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55.0 
Trailing edge. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.6 

Airfoil section: 
Thickness ratio at -

Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.106 
Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.106 

Leading-edge radius. m (in.) . . . . . . . . . . . . . . . . . . .  5.08 X (0.020) 
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TABLE I.- Concluded 

Fuselage: 
Length. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.508 (20.000) 
Maximum height. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.071 (2.782) 
Maximum width. m (in.) . . . . . . . . . . . . . . . . . . . . . . . . . .  0.073 (2.866) 
Fineness ratio of equivalent round body . . . . . . . . . . . . . . . . . . . . . . .  6.822 
Planform area. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.026 (40.445) 
Wetted area. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.083 (128.460) 
Wetted area. with wing on. m2 (in2) . . . . . . . . . . . . . . . . . . .  0.078 (120.695) 
Wetted area. with both delta wings on. m2 (in2) . . . . . . . . . . . . .  0.077 (1 18.747) 
Base area. m2 (in2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.002 (3.726) 

Complete model. with both delta wings: 
Planform area. m2 ( i d )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.052 (79.960) 
Aspect ratio of planform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.913 
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Figure 2.- Photograph of a model of the winged hypersonic research airplane. 
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Figure 3.- Sketch of model used showing interchangeable parts. 
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Figure 4.- Model general dimensions. All dimensions have been normalized 
by the body length (l = 50.8 cm). 
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Figure 6.- Longitudinal aerodynamic character is t ics  of the body-wing configuration 
alone and with var ious forward-delta, tip-fin, and engine components. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 7.- Longitudinal aerodynamic character is t ics  of the body-wing configuration 
alone and with various forward-delta and center-fin components. 
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Figure 8.- Continued. 

40 


I 




4 

2 

L / D  

0 


-2 

-
I

! 

I 
i i  
j j-
, I  

.7 

M = 2.00. Concluded. 

Figure 8.-Continued. 

4 1  




--- 
I , 


, I . . 

. . .  

2E 

24 

2c 


16 


a, deg 12 

a 

4 

0 


. ! I 
-! .4 

M = 2.36. 

Figure 8.- Continued, 

42 


.6 



cL 

( c )  M = 2.36. Concluded. 
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(a) M = 1.50. 

Figure 9.- Effect of elevon deflection on the longitudinal aerodynamic 
character  ist ics  of the BWVT FDE configuration. 

46 



.4c 

.3f 

.32 

.2E 

.24  

c D  

.2c 

. 1c 

.12 

.08 


.w 


0 


I! 


I .  

I
T 

. a  

L 

(a) M = 1.50. Concluded. 

Figure 9 .-Continued. 

47 




.W 


.m 


cm 

0 


-.02 	 : .  

, . ! .  
'' I  I 

..-.04 

za 

24 

20 

16 

a, deg 

12 

8 


4 

0 


-A 

-. 2 -.1 0 . 1  . 2  . 3  . 4  .5 .6 . 7  


(b) M = 2.00. 

Figure 9.- Continued. 

48 


... . ...-- . . . .. ... . .. I 



-.2 -.1 0 .1 . 2  . 3  4 . 5  .6 .7 

(b) M = 2.00. Concluded. 

Figure 9.- Continued. 

49 




w 


.@ 

c" 
0 

-.02 

28 

24 

20 

16 

12 

8 


4 

0 


-4 -.2 -. 1 0 . 1  

I 

1 

I 
t 

= -12.2c e 

d--

I 

. 2  . 3  . 4  .5 .6 

CL 

(c) M = 2.36. 

Figure 9 .-Continued. 

50 


... . . 



4 

2 

L I D  
,

0 


-2 

.36 

32 


.24 

.20 

cD 

.16 

. 12 

.08 

.04 


-.2 -. 1 0 .1  .2 . 3  . 4  5 6 . 7  

cL 

( c )  M = 2.36. Concluded. 

Figure 9.- Continued. 

51 




.02 


-.02 

be’ deg 

0 0 

17 -10 
0 -20 

TI 
ii‘ I  
1 
i 
1I 
I 
I 
I 


6 


(d) M = 2.86. 

Figure 9.- Continued. 

52 




- ..... . . .. _. 

.28 

.24 
be. deg 

0 0  

.20 0 -10 

0 -20 

. 16 
c D  

.12 

.@a 

.04 


0 
-.2 7 1  .1 .2 . 3  5 . 6  

cL 

M = 2.86. Concluded. 

Figure 9 .-Concluded. 

53 




. . ,  

.++< 
, I  . ... 
( 3 .. . .  

. . .  

. . . .  

.. . . .. 
t . 


. . .  

. . .  

. I . . 
. . . .  . . . .  . .  
, . .  /
2 
. . . .  
. . . . . . .  
, . I .  , .  
. . . <  , I .. . . . . .  . . . . . . .  
, . ,  , , .  
. I .  I . . 


. - * . .  . * .  . . . . . .  . . . .  . . /. . . . . . .  . . ,  . ....., . . I : : :  

. . . . . .  . . . . . .  :'':I:: 
. . . . .  ;/:;j,, 

. . .  . 

. .  . I  . . . . .  . . . . .  . . . . . .: : : . I : :. .  
. . . . . . .  
. . . .  . . . . . .::::I" 
.::.I;: 
. . .  

. 3  . 4  . 5  6 

CL, t 

(a) M = 1.50. 

Figure 10.- Longitudinal aerodynamic characterist ics at t r i m  of 
the BWVTFDE configuration. 
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Figure 11.- Lateral  aerodynamic character is t ics  of the BWVT FDE configuration 
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Figure 12.- Lateral-directional stability character is t ics  of the body-wing configuration 
alone and with various forward-delta, tip-fin, and engine components. 
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Figure 13.- Lateral-directional stability character is t ics  of the body-wing configuration 
alone and with various forward-delta and center-fin components. 
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Figure 14.- Comparison of the lateral-directional stability character is t ics  of 
tip-fin and center-fin configurations. 
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Figure 15.- Effect of elevon deflection on the lateral-directional stability 
character is t ics  of the BWVTFDE configuration. 
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